An imaging survey of 341 nearby early{type galaxies in the the near{infrared K{band atmospheric window (2:2 m) is described. The galaxies primarily reside in 13 nearby rich clusters (85%), while some additional galaxies are drawn from loose groups (12%) and the general eld (3%). Surface photometry was measured for the entire sample. Detailed corrections were derived from an extensive grid of seeing{convolved r 1=4 models and then applied to the isophotal surface brightness, aperture magnitude, and ellipticity pro les. Global photometric parameters were derived from this seeing{corrected photometry. More than 25% of the sample has been observed at least twice, and these repeat measurements demonstrate the small internal uncertainties on the derived global photometric parameters. Extensive comparisons with aperture photometry from the literature demonstrate that the photometric system is fully{consistent with other photometric systems to 0:01 mag and con rm the estimates of internal random uncertainties. Additional global parameters are drawn from the literature in a homogeneous manner in order to construct a large catalog of galaxy properties: 95% of the galaxies have a velocity dispersion, 69% have a Mg 2 index, 80% have an optical r e and h i e , 82% have a D n , and 81% have a derived optical{infrared color measurement. This large data set provides excellent source material for investigations of the physical origins of the global scaling relations of early{type galaxies, velocity elds in the local universe, and comparisons to higher redshift early{type galaxies.
1. INTRODUCTION Early{type galaxies form a homogeneous population both in their structure (luminous and dynamical) and stellar content. The bivariate correlations called the Fundamental Plane Djorgovski & Davis 1987) among their global properties describes a systematic sequence of galaxy properties within this population; the small scatter of these correlations implies a similarly small scatter in early{type galaxy properties throughout that sequence. While it can be argued (Schechter 1997) that there is no such thing as a \perfect elliptical galaxy," there appears to be little in uence on the global properties of early{type galaxies caused by such complicating factors as gas (ionized and neutral), dust, young stars, or the presence of an ordered disk component. Despite the high frequency of dust features (van Dokkum & Franx 1995) and ionized gas (Goudfrooij & de Jong 1995) in the core regions of a large fraction of elliptical galaxies, the small scatter of the optical FP (J rgensen, Franx, & Kj rgaard 1996) , near{infrared FP (Pahre, Djorgovski, & de Carvalho 1995) , and the color{magnitude relations (Bower, Lucey, & Ellis 1992b) imply that the global properties of these elliptical galaxies are relatively una ected.
As a result of this uniformity of global properties for early{type galaxies, the speci c form of these correlations (slope and intercept) provide insight into the underlying physical properties such as stellar content (age, metallicity, and initial mass function), mass, radius, and the distribution of stars and velocities within the galaxy. The color{ magnitude relation|more luminous early{type galaxies are redder than less luminous galaxies|could be the result of systematic variations in metal abundance, or mean stellar age, or both. The key question to be addressed by any investigation into the global properties of early{type galaxies is: what underlying physical properties drive these correlations? A related question is immediately raised: what is the distribution of these underlying physical properties among the family of early{type galaxies?
The stellar content of early{type galaxies is, in general, enriched in heavy elements to near{solar abundances, so the integrated optical light in the galaxies is sensitive to the line{blanketing e ects of metallicity. For this reason, the optical light may not be a good tracer of the stellar mass in these galaxies. Near{infrared light at 2:2 m, however, is an excellent indicator of bolometric luminosity, which in turn varies only weakly with metallicity (see the discussion of various stellar populations models in Pahre, de Carvalho, & Djorgovski 1998) Since late{type giant stars dominate the near{infrared light of early{type galaxies (Frogel 1971) , the composite nature of the stellar populations is simpli ed in this bandpass. Near{infrared light is therefore a good tracer of the stellar mass for early{type galaxies.
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1 2 INFRARED IMAGING OF ELLIPTICAL GALAXIES for the photometric properties. A limited number studies stand out against this trend (Frogel et al. 1975 (Frogel et al. , 1978 Persson, Frogel, & Aaronson 1979; Bower, Lucey, & Ellis 1992ab; Peletier et al. 1990; Silva & Elston 1994; Pahre et al. 1995; Ferrarese 1996; Mobasher et al. 1999) . Only the last ve studies used imaging detectors for the infrared source data.
The rapid technological advances of the last decade have produced a series of ever larger near{infrared imaging detectors with high quantum e ciency, small dark current, low numbers of dead pixels, and photometric stability. Compared to optical wavelengths, observing in the near{infrared has the further advantages that the seeing is better on average, corrections for Galactic extinction are smaller and hence less important, the presence of dust in the early{type galaxies themselves is virtually irrelevant, and the stellar populations e ects are simpler. There is, however, a strong disadvantage to observing in the near{ infrared from the ground: the sky is much brighter than in the optical. For example, while a typical sky brightness in the V {band is 21:8 mag arcsec ?2 , the equivalent sky brightness in the K s {band on a cold night is 13:5 mag arcsec ?2 . Early{type galaxies typically have a color of (V ? K) 3:2 mag (Persson, Frogel, & Aaronson 1979) , hence there is a loss of 5 mag in the ratio of galaxy to sky surface brightness, equivalent to a loss of a factor of ten in signal{to{noise ratio. Additionally, the near{infrared imaging detectors are much smaller (256 256 pixel 2 is the current standard format) than modern, large format CCD arrays, which causes problems as many of the larger galaxies over ll the eld{of{view (FOV) with the smaller detector. Nonetheless, substantial portions of the optical data in the literature (Lauer 1985; Djorgovski 1985; Franx, Illingworth, & Heckman 1989; Peletier et al. 1990a; Colless et al. 1993 ; J rgensen, Franx, & Kj rgaard 1995b) on early{type galaxies have been taken with a FOV that is similar to that of most of the near{infrared imaging data (2:6 2:6 arcmin 2 instantaneous, or 3:5 3:5 arcmin 2 after dithering) utilized for the survey described in this paper.
As a result of these technological advances, and despite the challenges posed by near{infrared observations of nearby early{type galaxies, it became apparent that a large, new survey of early{type galaxy properties using imaging detectors was timely. The survey of 341 early{ type galaxies described in this paper is larger by more than a factor of two in the number of galaxies studied than any previous investigation at 2:2 m. The unusually large number of repeat observations in this survey|more than 100|will establish its internal homogeneity and reliability, as well as provide reasonable estimates of the uncertainties of each measured and derived quantity. Many previous studies in the near{infrared (Frogel et al. 1975 (Frogel et al. , 1978 Persson et al. 1979; Peletier et al. 1990b; Silva & Elston 1994) used samples dominated by nearby, luminous, eld elliptical galaxies, while the present survey draws the bulk of the sample from the cores of rich clusters of galaxies| the special environment occupied primarily by early{type galaxies. A small number of early{type galaxies in the eld and loose groups have been included in this survey in order to sample a wide variety of density environments.
The data in this paper comprise a large and homogeneous sample of galaxy photometry suitable for a wide range of follow{up studies. The primary purpose for this study is to investigate the wavelength dependence of the slope of the FP correlations in order to determine the inuence of stellar populations parameters in de ning the early{type galaxy sequence (Pahre, Djorgovski, & de Carvalho 1995 , 1997 Pahre & Djorgovski 1997; Pahre et al. 1998b) . A related issue is the small scatter of the FP in the optical: if it is due to an age{metallicity \conspiracy," then the scatter of the near{infrared FP will be large due to the minimized metallicity e ects in the near{infrared bandpass. A comparison between the global properties of eld and cluster early{type galaxies can be investigated on the basis of this near{infrared photometry, and possible age variations can be constrained between those two distinct environments. An investigation of the universality of the color{magnitude relation is possible with these data, as this survey includes galaxies from 13 rich clusters| compared to only Virgo and Coma in Bower et al. (1992b) . The key element in studying the optical{infrared color{ magnitude relation is to choose galaxies for which high quality optical photometry already exists in the literature; as is described in x2, this was a key consideration in planning this near{infrared survey. There are only a limited number of optical{infrared color gradient measurements in the literature (Peletier et al. 1990; Silva & Elston 1994) , hence this survey will be unique in its potential to derive color gradients for more than ten times the number of galaxies that have been studied previously. A comparison between optical{optical and optical{infrared color gradients may be capable of distinguishing between stellar populations gradients (age and/or metallicity) and di use distributions of dust as the underlying physical cause. A comparison of the near{infrared and optical deviations of the tted isophotes from perfect ellipses is a potential tool for determining if the disks in S0 galaxies could be comprised of a di erent stellar population from the bulges. Finally, these survey data provide a nearby galaxy \cali-bration" for studies of the near{infrared FP correlations at higher redshifts.
DESCRIPTION OF THE NEAR{INFRARED IMAGING

SURVEY
The primary scienti c goals to be achieved by this near{ infrared imaging survey of early{type galaxies are: (1) to measure the change (if any) in the slope of the FP from the optical to the near{infrared; and (2) to construct a nearby, near{infrared \calibration" sample for future FP observations at high redshifts. To these primary goals, several secondary goals can also be introduced: (3) to measure any changes in the FP (slope, intercept, and/or scatter) between cluster and eld galaxies; (4) to investigate optical{infrared colors and color gradients which could indicate properties of possible stellar populations gradients and/or dust distributions; (5) to investigate deviations of the shapes of early{type galaxies from pure ellipses as indicators of the possible presence of disk structures; (6) to determine if systematic errors caused by Galactic extinction corrections are the cause of any particular cases of peculiar velocities, as the K{band is relatively una ected by this correction; and (7) to construct models of the structural, kinematical, and stellar content properties of early{type galaxies as a family which are consistent with all relevant data.
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The two primary goals of the project require that a sufciently large sample be observed, in order that the slope of the FP can be determined to an accuracy comparable to that for the optical FP. For example, a total of 226 galaxies in 10 clusters were used by JFK96 in measuring the Gunn r{band FP. In order to reduce the e ects of distance uncertainties on the FP distance{dependent parameter, rich clusters with large early{type galaxy populations are preferable; in this way, many galaxies at the same distance can be observed. In order that cluster peculiar velocity e ects be minimized, it is necessary to avoid nearby clusters or at least minimize their proportion within the entire survey. The Coma cluster is an ideal target, as its redshift velocity of 7200 km s ?1 places it far enough to have little or no deviation from the Hubble ow, while it is a rich cluster with 146 early{type galaxies within the central 1 degree 2 and Gunn r 15:3 mag (J rgensen & Franx 1994) . A number of other rich clusters|Perseus, Pisces, Abell 194, Abell 2199, Abell 2634, and Klemola 44|were chosen to add additional galaxies to the sample, and to determine if there is any variation of the FP parameters among clusters.
Two nearby clusters|Virgo and Fornax|and ve loose groups (Leo, Eridanus, Pegasus, Cetus, and NGC 5846) were added to the sample, as they have many galaxies that have been well{studied at many wavelengths. Detailed comparisons of optical{optical and optical{infrared color gradients are possible for these galaxies. The challenge for interpreting the FP data derived for these galaxies, however, is that the Virgo cluster has well{known depth e ects (Tonry, Ajhar, & Luppino 1990 ) such as the background W Cloud; Fornax, Leo, and Eridanus e ectively have unresolved depths (Tonry 1991) as derived by the surface brightness uctuations method. 4 Nearby galaxy motions are strongly a ected by Virgo infall, and possibly by bulk motion in the direction of the Hydra{Centaurus Supercluster.
The investigation of possible di erences in the FP between di erent clusters, or between clusters and the eld, could be tested in the Hydra{Centaurus region. Large peculiar velocities were derived for some clusters and eld galaxies in this region from the Seven Samurai survey (Lynden-Bell et al. 1988 ) which resulted in the identication of a \Great Attractor."
The galaxy lists were drawn from the literature (Lucey & Carter 1988; Faber et al. 1989; Lucey et al. 1991a; Lucey et al. 1991b; J rgensen & Franx 1994; Smith et al. 1997) , based on the requirement that there be central velocity dispersion measurements and optical global photometric parameters already measured for survey galaxies. In a signi cant number of cases, additional galaxies fell within the detector's eld{of{view which do not have kinematical and/or optical photometry available in the literature.
Information on the clusters, groups, and other galaxies included in this survey are listed in Table 1 . The location of the survey galaxies on the sky are plotted in Figure 1 in Galactic coordinates.
The Galactic extinction has been calculated from the 100 m emission, under the assumption that cool dust emission is a better tracer of dust absorption than neutral hydrogen gas. The emission at 100 m has been measured for each cluster, group, or galaxy using the IRAS maps. Each measurement typically used samples in a 3 3 grid with internal spacing of 5 arcmin. Obvious 100 m sources were excluded visually from the measurements, as some of the nearest early{type galaxies contain a cool dust component and have been detected at this wavelength (Jura et al. 1987; Goudfrooij & de Jong 1995) . The 100 m emission was then converted to A B using the formula from Laureijs, Helou, & Clark (1994) A comparison has been made between these extinction estimates and two other extinction estimates: (1) the new IRAS+COBE/DIRBE dust extinction maps as constructed by Schlegel, Finkbeiner, & Davis (1998, SFD98) ; and the Burstein & Heiles (1982, BH82) maps based on galaxy counts and neutral hydrogen emission, For 29 di erent lines-of-sight towards either \blank" elds or distant clusters of galaxies, Pahre (1999) There appear to be signi cant departures in the Hydra{ Centaurus region. In particular, the estimate of A B is 0:12 mag larger for the Hydra cluster than in Faber et al. (1989) , 0:13 mag larger for the NGC 4373 group and 0:18 mag larger in Centaurus than in Dressler, Faber, & Burstein (1991) . Since E(V ?K) = 0:668A B , the (V ?K) color derived in this paper for galaxies in those regions would have to be corrected by +0:1 mag to agree with the BH82 reddening estimates, but this would create many galaxies with (V ?K) 0 colors that are unusually red. It is interesting that if the underestimate of A B by Faber et al. (1989) in the Hydra{Centaurus is corrected, the galaxies in this region then have smaller distances and larger peculiar velocities. The origin of this discrepancy in estimating A B is uncertain, but could be a result of variations in gas{ to{dust ratio, dust size distribution, or dust temperature along this Galactic line{of{sight. Fig. 1 .| The distribution of the K{band early{type galaxy survey galaxies, plotted in Galactic coordinates using the Aito projection. Each point represents a separate galaxy. Rich clusters and groups with 3 galaxies in the survey are identi ed.
3. OBSERVATIONS AND DATA REDUCTION Data for this survey were acquired during runs on the 60{inch telescope at Palomar Observatory, and the 1.0 m Swope and 2.5 m du Pont Telescopes at Las Campanas Observatory. All instruments used are based on NICMOS{3 256 256 pixel 2 HgCdTe arrays manufactured by Rockwell with 40 m pixels. A K s (\K{short") lter was used in all cases in order to reduce the thermal background contribution.
The observing sequence was typically three exposures of 60 seconds each (or six exposures of 30 seconds each during the summer months) taken in each of ve positions; those positions were o set in an \X" pattern by 15{30 arcsec in each direction. The total on{source exposure time was therefore 900 seconds. The nearest early{type galaxies (i.e., in the Leo I group and the Virgo cluster) used half the total exposure time or 450 seconds. Sets of exposures on a region of \blank" sky separated 5{15 arcmin away from the target galaxy were interleaved with the object exposures. Early in the project, the telescope guider was used during the object exposures in case there were no stacking stars available in the individual data frames. In time, it became clear that there was virtually always a sufcient number of usable stacking stars in the frame of each galaxy, so the guider was not used for the remainder of the survey, which slightly improved the observing e ciency.
Except for the 1993 March observing run at the 2.5 m du Pont Telescope, all of the observations were calibrated using observations of the new HST K 11 mag G dwarf standard stars (Persson et al. 1998) . A typical photometric night included observations of 5{20 standard stars at up to two or three airmasses. Several observing programs were pursued concurrently with these instruments so that during non{photometric conditions a backup project was observed.
3.1. Palomar 60{inch Telescope Data A total of 212 early{type galaxy elds were observed with the near{infrared camera (Murphy et al. 1995) on the Palomar Observatory 60{inch (P60) Telescope during 27 photometric nights between 1994 October and 1997 August. This instrument uses an all{mirror, 1:1 reimaging O ner design at the f/8.75 Cassegrain focus of the Ritchey{Chretien telescope, producing a projected pixel size of 0:6200 0:0004 arcsec and an instantaneous eld{ of{view (FOV) of 158 158 arcsec 2 . This pixel scale was measured using a large number of stars in the eld of globular cluster Messier 15 with an accurate photographic plate solution for their coordinates (this list was provided by K. Cudworth to J. Cohen) and shows very little geometric distortion over the entire FOV. The electronics have an inverse gain of 7:8 e ? DN ?1 and a read{noise of 40 e ? . The instrument FOV was limited slightly (by 3%) during 1994 October due to vignetting caused by misalignment of a cold mask at the telescope focal plane which was subsequently xed.
On this telescope, the seeing FWHM in the near{ infrared varied between 1.0 and 2.5 arcsec during the course of the survey. In order that the survey be conducted in a way that a more similar resolution in physical units be obtained, it was decided to observe the higher redshift galaxies during times of optimal seeing. The result of this decision was that many of the nearest galaxies, such as in the Leo I Group or the Virgo cluster, were imaged under the worst seeing conditions. The advantage of this decision was that the seeing corrections would be manageably small in the Coma cluster|the top priority cluster for the study|as well as in the Virgo cluster.
The data acquired from this telescope form 50% of the entire survey data. The Virgo, Coma, Abell 194, Abell 2199, Abell 2634, Perseus, Pisces, and Pegasus clusters, the Leo I and Cetus groups, M 32, and many of the \ eld" galaxies were imaged with this telescope.
Las Campanas 1.0 m Swope Telescope Data
Observations at the Las Campanas 1.0 m Swope Telescope (C40) were made during two runs, each using a different near{infrared imaging camera.
The instrument described by Persson et al. (1992) was used during four photometric nights in 1995 March (the same instrument was also mounted on the Las Campanas 2.5 m telescope for the runs described in x3.3) to obtain 45 images of galaxies primarily in the Hydra{Centaurus Supercluster region. The instrument was mounted at the standard f/7 focus of the telescope and used in \medium resolution" mode, producing a 0:920 arcsec projected pixel size and a 236 236 arcsec 2 instantaneous FOV. The seeing FWHM was typically signi cantly under-sampled with the large pixel size. The electronics have an inverse gain of 4:8 e ? DN ?1 and a read{noise of 40 e ? .
Observations were obtained in 1995 October{November 6 INFRARED IMAGING OF ELLIPTICAL GALAXIES on the same telescope using a new near{infrared camera which is nearly identical with that used on the P60 and described in x3.1. This instrument, however, is placed at the telescope's Cassegrain focus with the f/13.5 secondary|which is not the standard Ritchey{Chretien f/7 secondary. The 1:1 reimaging optics produce a projected pixel size of 0:600 arcsec and an instantaneous FOV of 154 154 arcsec 2 . As for the P60 instrument, the electronics have an inverse gain of 7:8 e ? DN ?1 and a read{ noise of 40 e ? . A total of 32 galaxy images were obtained primarily in the Fornax cluster and the Eridanus group during three photometric nights. The seeing was typically marginally{sampled for these data at 1.0{1.3 arcsec FWHM.
3.3. Las Campanas 2.5 m du Pont Telescope Data Observations were obtained during six photometric nights in 1993 March and three photometric nights in 1994 December using the near{infrared camera (Persson et al. 1992 ) on the Las Campanas 2.5 m du Pont Telescope (C100). The \medium resolution" mode was used producing a projected pixel size of 0:348 arcsec and an instantaneous FOV of 89 89 arcsec 2 . The electronics for this instrument have an inverse gain of 4:8 e ? DN ?1 and a read{noise of 40 e ? . A total of 53 images of 38 di erent galaxies were obtained during the two observing runs.
These data were acquired for a di erent observing program on near{infrared surface brightness uctuations. The 1993 March data of nine Virgo cluster elliptical galaxies are described by Pahre & Mould (1994) , while in 1994 December the Fornax cluster was the primary target. The di erent science goal for this program resulted in much longer exposure times than the rest of the survey, typically between 1000 and 3000 seconds; when coupled with the larger telescope aperture, these images reach much fainter ux limits than the C40 or P60 data, and with better seeing (0:7 to 1:0 arcsec FWHM). The smaller FOV of this instrument, however, causes the sky{subtraction to be far more problematical than for the rest of the survey|since the galaxies imaged with this instrument have the largest angular sizes in the survey.
Data Reduction
All of the data were reduced within the IRAF environment using scripts written by the author (or S. E. Persson) for near{infrared data reductions with these instruments. The basic procedure consisted of: (1) correcting for non{ linearity; (2) subtracting an appropriate dark frame; (3) at{ elding, using either a dome at, a twilight sky at, or a dark sky at; (4) subtraction of an appropriately normalized sky frame; (5) agging of bad pixels; (6) image registration using bright stars in the eld; (7) delta{sky subtraction using a region common to all frames of a given galaxy; and (8) averaging of all the data frames using a sigma{rejection algorithm into a single stack.
The choice of at{ eld was investigated in detail. There was no statistically{signi cant variation between choices of dome, twilight, or dark sky ats on the resultant photometry. In some cases, due to substantial changes in airmass during a galaxy observing sequence, a dark sky at was the only method to produce low noise. The choice was usually made for a night based on visual inspection of the nal, stacked data. There are several important issues regarding the subtraction of a sky frame which need to be addressed. First, the sky varies su ciently on the order of 5{25 DN pixel ?1 (out of a typical sky value of 1{1.5 10 4 DN pixel ?1 )|even during the photometric conditions used for this survey| on times faster than the exposure time (i.e., < 30 second). It is apparent that these sky frames would not be su cient to determine the absolute sky level on the object frames. Second, the largest galaxies (25{50% of the galaxies) have extents that over ll the detector FOV such that the absolute sky level on the object frames cannot be determined from the frames themselves. The combination of these two issues causes a fundamental problem for near{infrared imaging of extended objects: the absolute sky level will need to be estimated during the analysis in a more sophisticated manner. Subtraction of the sky level in a more accurate manner using the surface brightness pro les themselves will be discussed in x4.
3.5. Photometric Calibration With the exception of the C100 run in 1993 March, the new HST standard star list of Persson et al. (1998) was used for calibration for the entire survey. For the C100 run, the faint UKIRT standards (Casali & Hawarden 1992) were used. Between ve and 20 standard stars were typically observed on a photometric night or partial night at up to two (or sometimes three) airmasses. Each standard was usually placed at ve di erent places on the array for each measurement. The atmospheric extinction coe cient was measured for each night separately; for some runs, the coe cient and zero{points were determined to be stable for several consecutive nights, allowing for the extinction to be measured for all such nights simultaneously. More the 85% of the nights had rms 0:02 mag, while > 40% had rms 0:01 mag, for the standard star measurements.
The HST standards used are all K 11 mag G dwarf stars with (J ? K) 0:35 mag, while the galaxies observed are typically (J ? K) 1:0 mag (Persson, Frogel, & Aaronson 1979) . 5 Since a K s lter was used throughout this survey|which is not only narrower than the standard Johnson K lter, but also has a bluer e ective wavelength|there is expected to be a color term between the hotter standard stars and the cooler K giant stars which dominate the near{infrared light of early{type galaxies. This color term will be in the sense that the K s magnitudes will be measured too faint relative to the K magnitudes. Furthermore, the near{infrared light in early{type galaxies is dominated by late{type giant stars (Frogel 1971) , hence there is signi cant absorption at rest{ frame > 2:29 m due to the onset of the CO band-head. This absorption will a ect K magnitudes more than K s magnitudes, in the sense that the K s magnitudes will be measured too bright relative to the K magnitudes.
No correction has been applied to the photometry of this survey to account for these color di erences, but they will be applied in all comparisons with observations through standard K lters from the literature. These terms can PAHRE 7 be estimated using simple stellar populations models. Using the Worthey (1994) (2)
The K{band k{correction was also calculated and is reasonably consistent with that derived by Persson, Frogel, & Aaronson (1979) for z 0:025, i.e., k K (z) = ?3:5z.
The combined e ect of the calibration due to the use of G dwarf standard stars and the CO band-head on the K s to K magnitude comparisons was calculated (assuming the stars to be blackbodies radiating at 5800 K) to be (K s ? K) = ?0:029 mag. Thus, the prediction is (K s ? K) = ?0:028 mag at z = 0:0045 (Virgo cluster) and (K s ?K) = ?0:007 mag at z = 0:024 (Coma cluster).
As a consistency check, the CO index can be estimated for the program galaxies relative to Vega. This calculation was performed using top{hat lters simulating the narrowband and CO lter observations of Frogel et al. (1978) using the same Worthey model as above, but this time calibrating with respect to a A0 star with T = 9900 K. (Frogel et al. de ned Vega to have a CO index of 0 mag.) A value of 0:162 mag was calculated, which is fully consistent with the observed value of 0:16 mag for luminous galaxies as measured by Frogel et al. As another consistency check, the CO absorption and G{dwarf calibration can be compared to the (K s ? K) of red standard stars of Persson et al. (1998 The aperture used to measure instrumental magnitudes for the standard stars is an important e ect for the detailed surface photometry that will be described in x4, as well as for comparisons with single element, circular aperture photometry from the literature. For this reason, the largest practical aperture size of diameter 25 arcsec was used for the standard stars. For purposes of comparisons of aperture magnitudes with the literature, it is possible that this could introduce small but systematic di erences as a function of magnitude. As will be described below in x8.1, if such di erences exist they are probably at a level signi cantly smaller than the random errors of the photometric comparisons.
In summary, the systematic photometric errors due to the K s lter choice|which a ect the calibration using G dwarf stars and amount of CO absorption in the bandpass|and the photometric zero{point calibration appear to be quanti ably understood to better than 0:01 mag.
4. SURFACE PHOTOMETRY Several di erent approaches have been used in the literature to model the light distributions of early{type galaxies. These range from tting circularized models to aperture photometry, to using full elliptical isophotes at all radii to construct a detailed surface brightness distribution for the galaxy. A number of light distributions have been shown to represent accurate models for early{type galaxies, including the de Vaucouleurs r 1=4 form, the Sersic r 1=n form, an exponential disk plus r 1=4 bulge, and the Hubble model.
Each of these models has at least one scale{length parameter to describe its size, and at least one parameter to describe the total luminosity and/or mean surface brightness evaluated at that scale{length. When one model is chosen to describe a given galaxy, however, biases may be introduced if r model 6 = r galaxy . Fortunately, the FP correlations typically involve the quantity r e ?0:32h i e , which is very insensitive to systematic errors in r e (J rgensen, Franx, & Kj rgaard 1995a, and x7.3 below). For this reason, the choice of model for tting to the surface brightness distribution of an early{type galaxy should not be a signi cant contributor to bias in the FP correlations.
The choice was made to t elliptical isophotes to the images, as well as to measure total magnitudes in circular apertures, in order to provide independent checks on the derivation of global photometric parameters. Isophotal surface brightness has the disadvantage of being very sensitive to seeing e ects near the center of a galaxy and errors in sky subtraction at large radii; this latter e ect, however, can be useful as a more accurate estimator of the true sky value. Circular aperture magnitudes, on the other hand, are very insensitive to sky subtraction errors and the e ects of seeing are straightforward to model; unfortunately, they do not directly trace out the shape of the galaxy, and hence may su er from subtle systematic biases as a function of ellipticity.
The surface photometry and aperture magnitudes were measured from the images using the STSDAS package ISOPHOTE within the IRAF environment. The ELLIPSE task was used to do the actual tting to the images. A set of IRAF scripts was developed around this package to provide for interactive agging of pixels (due to stars, other galaxies, or bad pixels), identi cation of sky regions, iterative removal of overlapping galaxies, iterative improvement of the sky estimation, calculation of derived (such as mean surface brightness) and seeing{corrected quantities, and tting of various models to the surface brightness and aperture magnitude pro les. In tting the global quantities, minimization of the sum of the absolute deviations orthogonal to the tting function was performed. Error bars were used in tting all quantities, hence there is no statistical advantage to be gained from rebinning the data at large radii (as was done, for example, in Djorgovski 1985) . The di erence in k{correction between the two lters as a function of redshift. The di erence arises primarily due to the CO band-head absorption at > 2:29 m which is much stronger at K than at Ks due to the lter responses. The lter di erences atten out for z > 0:05 after the CO band-head has moved redwards of the K lter cuto .
SEEING CORRECTIONS
The median seeing for this near{infrared survey is 1:34 arcsec FWHM, while the typical galaxy imaged has r e in the range 1{100 arcsec. Hence, for the smaller galaxies in the sample, the e ects of seeing on the derived surface photometry or global photometric parameters might be important. The total distribution of seeing for the survey is plotted in Figure 3 .
The e ects of seeing on the measurement of photometric parameters for early{type galaxies can be signi cant, particularly as the radii (or semimajor axis lengths) of individual measurements (aperture magnitudes m, isophotal SB , and ellipticity ) approach the FWHM size of the seeing disk. In general, as the seeing e ects become more important, light is scattered to larger radii from the center of a galaxy causing the e ective radius r e to be overestimated; the galaxy shape is also circularized at small radii causing to be underestimated. 6 For well resolved galaxies (in which r e PSF FWHM ), an overestimate of r e will be compensated by a fainter measurement of h i e (since it is measured at a larger radius), such that the quantity r e ? 0:32h i e (which enters the FP) will be nearly unaffected and seeing e ects are unimportant. For marginally resolved galaxies (in which r e PSF FWHM ), however, r e will also be overestimated but h i e will be highly 6 The e ects of seeing on m are straightforward to model, as ux is always scattered out of a given aperture. The seeing e ects on isophotal are more complicated, however, since at semimajor axis lengths a < 1:5PSF FWHM the measured is too faint, while at a > 1:5PSF FWHM the measured is too bright (e.g., Figure 4 in Franx, Illingworth, & Heckman 1989) . This is further complicated for highly elliptical galaxies ( > 0:4), in which the isophotal ellipses at small (or even modest) a are circularized due to seeing, thereby causing a correlation of errors in with errors in . underestimated due to the cumulative e ects of both measuring h i e at a larger radius and the scattering of light to even larger radii due to the seeing; in this case, the quantity r e ? 0:32h i e will be systematically underestimated. The di erence between the well resolved and the marginally resolved cases can produce a di erential bias along the FP, resulting in a measurement of the slope of the FP that is too steep. It is therefore necessary to correct for the e ects of seeing on the measurement of global photometric parameters to avoid biases in the slope of the FP. 7 There are several di erent approaches for correcting galaxy data for the e ects of seeing. One approach is to correct each measurement individually for seeing e ects using simple models convolved with an appropriate PSF. This approach was used by Bower et al. (1992a, BLE{92a) to correct their circular aperture magnitudes. The corrected values are then t by r 1=4 models to measure the global photometric parameters; these corrections were also used in other papers by Lucey and collaborators (Lucey et al. 1991ab; Smith et al. 1997 ; but not Lucey & Carter 1988) . Franx, Illingworth, & Heckman (1989) used a similar approach to correct for the individual measurements of and (and the position angle which can be caused by an elliptical PSF) based on an analytical, second order estimation of the e ects of seeing. A di erent approach was used by J rgensen, Franx, & Kj rgaard (1995a) and Saglia et al. (1993b) , in which the uncorrected individual measurements of aperture magnitudes are compared to seeing{convolved models. In e ect, this approach amounts to applying a seeing correction to the values of r e , h i e , and D n derived from uncorrected aperture magnitudes, and Saglia et al. (1993b) tabulated such corrections. The di culty in applying these corrections is that the same tting range for the pro le must be used for the corrections to be valid.
Since the near{infrared photometry has much higher sky background and hence lower S/N, it was anticipated that the maximum tting radius would be signi cantly smaller in the near{infrared than in the comparable optical studies|and would vary with the instantaneous sky brightness of each observation. For this reason, the approach of correcting the individual measurements of m, , and was chosen.
A grid of model galaxies of de Vaucouleurs r 1=4 form was constructed to span a range of parameters (r e , PSF FWHM , ) that were representative of the galaxy survey, and are listed in Table 2 . These models were constructed with the ARTDATA package in IRAF to have the typical pixel scale (0:62 arcsec), FOV (256 256 pixel 2 ), and dither pattern ( 30 arcsec) of the P60 and C40 data which comprise the bulk of the galaxy sample. No attempt was made to span a range in signal{to-noise, include sky subtraction errors, or to add a disk component to the models. While Saglia et al. (1997) have demonstrated systematic errors in m tot and r e when tting r 1=4 models to images with a superposition of bulge and disk, their work showed that any systematic e ects on the quantity r e ?0:32h i e that enter the FP are extremely small and show no clear trend with bulge{to{disk ratio (i.e., see their Figure 4 ). Since the purpose of the present paper is to prepare a set of global photometric parameters for constructing the near{infrared FP, there is little to be gained from expanding the model grid to include a larger variety of galaxy light distributions. A Mo at (1969) PSF with = 3:0 was used throughout to convolve the models, as this value of is a typical representation of the PSF of ground{based images as shown by Saglia et al. (1993b) .
The model images were t using the same programs as were used for the survey galaxies. Aperture magnitudes No attempt was made to calculate seeing corrections for very small radii r < PSF FWHM . Seeing corrections at smaller radii can su er from a bad match between model and galaxy (if the latter is not intrinsically of r 1=4 form, for example), pixellation e ects for marginally sampled data, and errors in measuring the true PSF FWHM for the galaxy image. Instead, all models will be t to the corrected aperture magnitudes for radii r 3PSF FWHM , as at these radii the seeing corrections vary little between di erent approaches. These seeing corrections are plotted in Figure 4 , and are compared to those in the literature in Figure 5 .
The corrections to aperture magnitudes show an excel- (7) where the scatter is dominated by the innermost pixels. It is clear that the empirical method adopted here in Equation 7, and the analytical second{order approximations of Franx et al. (1989) 
MEASUREMENT OF GLOBAL PHOTOMETRIC PARAMETERS
A diameter D K has been de ned to be the circular aperture diameter at which the mean, integrated surface brightness|fully corrected for cosmological e ects and Galactic extinction|drops to h K i = 16:6 mag arcsec ?2 .
This quantity is similar to the D n parameter introduced by Dressler et al. (1987) in the B{band, and the D V parameter in the V {band (Lucey & Carter 1988) , for a mean galaxy color of (V ? K) = 3:2 mag. This color is typical for an elliptical galaxy (Persson, Frogel, & Aaronson 1979; Bower, Lucey, & Ellis 1992a) . 8 As noted by Dressler et al. (1987) , the global parameters r e , h i e , and D K are all closely related (and the rst two are nearly equivalent to the last one) because elliptical galaxies follow very similar growth curves. A demonstration of this property is shown in Figure 6 , where the 341 galaxies observed in the K{band show a very tight relationship between these three quantities. The majority of the galaxies obey an approximate linear relationship log(D K =r e ) / ?0:32h i e . This property of elliptical galaxies will be used below in x9.1 to make small corrections of optical measures of D n to account for a di erent assumed extinction from that given by a particular literature source. The half{light radius was estimated in two ways for each galaxy using the program GAUSSFIT (Je erys et al. 1987) . The rst method used ts to the isophotal surface photometry to estimate the half{light semimajor axis length a e , the ellipticity e at that semimajor axis length, and hence the half{light e ective radius r e = a e p 1 ? e .
The second method used ts to the circular aperture magnitude growth curve producing the half{light e ective radius r e . 9 These two methods have a mean di erence of 0:013 0:008 dex, in the sense that the isophotal estimates are slightly larger. The scatter between these two measures is 0:14 dex, which is somewhat larger than the quadrature sum of the internal scatter of either measure by itself of 0:11 dex (for the > 100 repeat observations described below in x7.3). The di erences between the two methods is most likely a combination of several effects: seeing corrections on isophotal surface brightness are much more di cult and uncertain than for circular aperture magnitudes; systematic errors due to sky subtraction are a much larger e ect on isophotal surface brightness than for circular aperture magnitudes; elliptical galaxies are not circular, so measuring their circularized structural parameters is certainly an oversimpli cation; and elliptical galaxies show variation in their structural light proles, in the sense that more luminous galaxies show atter pro les than the de Vaucouleurs r 1=4 shape (Caon, Capaccioli, & D'Onofrio 1993) . The last point should not be under-emphasized, as the reduced Chi{square 2 = for tting r 1=4 pro les (with or without an additional disk component) has a median value of 6 (Saglia et al. 1997) and tting Sersic r 1=n pro les has a median value of 10 (Graham & Colless 1997) . None of these models is an excellent t to real galaxies since 2 = is substantially larger than unity, so it should not be surprising that while the two di erent photometric measurement methods employed here have very small internal scatter, their relative scatter can be signi cantly larger. The global photometric parameters derived from the aperture photometry will be adopted for two reasons. One, the vast majority of the work on the FP in the optical have used global photometric parameters derived from aperture photometry (the only signi cant exception being Djorgovski & Davis 1987) . Since the intention was to compare PAHRE 13 optical and near{infrared measures for the same galaxies, it is essential to use similar methods to extract the global parameters. Two, it will be shown in x7.3 that the global photometric parameters derived from the circular aperture photometry show somewhat smaller internal uncertainties. In this way, aperture photometry is a more robust method of measuring the global parameters.
The 454 individual measurements of the global photometric parameters are tabulated in the appendix as Table A1.
ESTIMATION OF INTERNAL UNCERTAINTIES
One key element of any large scale photometric survey is the estimation of uncertainties. Due to the limited amount of K{band surface photometry and global photometric parameters available in the literature, the design of this survey therefore included a large number of repeat observations both of luminous and faint galaxies in order to provide a robust internal estimation of these random uncertainties. There were 113 repeat measurements of 88 galaxies in this survey which will be discussed in this section. Some of these repeat observations were included by design, others were serendipitous for the more distant clusters due to the large FOV of the detector and large surface density of galaxies near the cores of the clusters.
Aperture Magnitudes
The seeing{corrected circular aperture magnitude proles are compared in Figure 7 . The uncertainty for a single measurement of an aperture magnitude is Q = 0:038 mag, although this averages over small aperture measurements with small scatter and large aperture measurements with large scatter. The uncertainty for aperture magnitudes measured within a 20 arcsec diameter circular aperture (K 20 ) is Q = 0:041 mag. This is somewhat larger than the scatter implied by comparisons with aperture photometry from the literature (in x8.1 below), but this is primarily due to the internal comparison galaxies being much fainter and the surface photometry tracing the large galaxies to much larger radii than in the external comparisons.
7.2. Surface Photometry The internal comparison of the surface photometry is shown in Figure 7 seeing corrections at small radii and sky subtraction at large radii.
7.3. Global Photometric Parameters A comparison of the repeat measurements of the global photometric properties derived from the circular aperture magnitudes is plotted in Figure 8 . A comparison of the repeat measurements of the global photometric properties derived from the isophotal surface photometry is plotted in Figure 9 . The comparisons are summarized in Table 3 .
The measurement errors of r e and h i e for the aperture photometry, or of a e and h i e for the surface photometry, are strongly correlated. The uncertainty on r e ? 0:32h i e , the quantity which enters the FP, is only ies; the quality of these data, however, is highly irregular. For this reason, comparisons should be attempted with a subset of data that have previously been identi ed as externally consistent. Adding even a small number of additional observations from other sources in the literature causes the scatter to increase dramatically. As an example, comparison of a P60 observation (UT 1996 March 28) The largest outliers are, on average, smaller by a factor of four than the entire galaxy sample. for NGC 4374 in the Virgo cluster, which has 11 observations from the PFA{79 data set, shows a mean o set of K s ? K lit = +0:013 mag, a median o set of +0:009 mag, and a scatter of 0:042 mag; adding in four more comparisons from elsewhere in the literature increases the mean o set to +0:080 mag, the median o set to +0:050 mag, and the scatter to 0:101 mag! The photometry of Persson and collaborators in Virgo, Fornax, Coma, and the eld (Frogel et al. 1975; Frogel et al. 1978; Persson, Frogel, & Aaronson 1979) , which will be referred to collectively as PFA{79, and the photometry of BLE{92a in Coma, have been shown to be mutually consistent to high accuracy, both in zero{point and scatter (Bower, Lucey, & Ellis 1992a) . As will be shown below, the K{band photometry of the present survey can be placed onto this system at a similar level of accuracy.
Aperture photometry from Recillas{Cruz et al. (1990 , 1991 in Virgo and Coma will be compared to the present survey as an additional study. Finally, observations for Coma cluster galaxies based on near{infrared imaging data have recently appeared in the literature (Mobasher et al. 1999) , and will be added to the comparison.
The full comparisons are plotted in Figure 10 . For the purposes of this comparison, aperture magnitudes without k{corrections or Galactic extinction corrections are used for both the new and the literature data. In the case of the Mobasher et al. (1999) data, both Galactic extinction and k{corrections were removed from their tabulated aperture magnitudes. Since the new survey used a K s lter, while all literature observations used K lters, there is a predicted o set in the zero{point (K s ? K) as described in x3.5 which also varies slightly with redshift.
The Coma measurements of Persson et al. (1979) suggesting that the new near{infrared data are fully consistent with both data sets. Mobasher et al. (1999) removed the e ect of overlapping galaxies in calculating their aperture magnitudes, hence there is expected to be signi cant o set for the regions around the two dominant galaxies at the core of the Coma cluster. Ignoring NGC 4872, NGC 4874, and NGC 4886 for this reason, and also galaxies NGC 4867 and D210 (which stand out from the mean relation) produces a sim- In summary, the zero{points of the aperture magnitudes for the new near{infrared photometry survey are consistent with the studies of Persson et al. (1979) and BLE{92a to < 0:01 mag. The scatter for each individual comparison with these studies is 0:04 mag, which is fully consistent with the internal uncertainties of 0:03 mag quoted by Persson et al., 0:027 mag quoted by BLE{92a, and 0.038 mag estimated for this new survey in x7.1.
Surface Photometry
There are three sources of comparisons for surface photometry in the 2:2 m atmospheric window: Peletier et al. (1990b , as tabulated in Peletier 1989 , Silva & Elston (1994), and Ferrarese (1996) . All three studies utilized standard K lters, and all of the galaxies in common are at group redshifted velocities less than 2000 km s ?1 , so there should be a photometric o set of (K s ? K) ?0:03 mag (as calculated in x3.5).
The data of Peletier et al. (1990b) were obtained with an early version of a camera based on a 58 62 pixel 2 InSb array with very high read{noise (600 e ? ) and dark current (100 e ? pixel ?1 second ?1 ) but modest FOV (78 83 arcsec 2 ). The comparisons are plotted in Figure 11 . (1990, R90; 1991, R91) Most of the data of Silva & Elston (1994) were obtained with a low quantum e ciency PtSi 256 256 pixel 2 array with a large FOV (5:5 5:5 arcsec 2 ). Unfortunately, the pixel scale for this instrument is quoted to be \ 1:3 arcsec," suggesting that the scale may not be known to better than 5%. While the exact pixel scale was irrelevant to Silva & Elston's calculation of color gradients (provided that the pixel scale is the same for both bandpasses), it is clear from Figure 11 that there is a relative scale error between the two studies. Hence, any photometric o sets between the two data sets are not useful. There is one galaxy observed by Silva & Elston at Las Campanas Observatory with an accurate measured pixel scale: NGC 720. The surface photometry of Ferrarese (1996) comprise a magnitude{limited sample of Virgo elliptical galaxies. There are 12 galaxies in common; furthermore, three of these galaxies have two measurements (i.e., P60+C100) and one has three measurements (two at P60 and one at C100), producing 17 comparisons. 11 These comparisons are plotted in Figure 13 . It is apparent from the SB and ellipticity o sets at small radii that the seeing for 
ADDITIONAL GLOBAL PROPERTIES DRAWN FROM THE LITERATURE
The goal of this observing program was to observe early{ type galaxies in the near{infrared for which optical imaging and spectroscopy data were already available. In this way, it would be possible to compare directly the near{ infrared global properties to the optical global properties for the same galaxies. It is therefore necessary to construct an internally self{consistent catalog of optical photometric and spectroscopic measurements. We wish here to draw the photometric parameters of r e , h i e , and aperture magnitudes (to evaluate colors) from the literature. Since seeing e ects can be substantial for galaxies with scale sizes comparable to the seeing, literature sources for which seeing corrections have been applied are optimal.
Colors were calculated in one of several ways. The most accurate colors were derived from matched circular apertures for the optical and near{infrared photometry. The number of galaxies for which the color could be calculated was limited to the Virgo (r = 30 arcsec) and Coma (r = 10 arcsec) clusters (V {band; Lucey et al. 1991b; Bower, Lucey, & Ellis 1992a) , the Perseus{Pisces region (R C {band, r = 10 arcsec; Smith et al. 1997) , and various galaxies in both the eld and clusters from photoelectric photometry (V {band, various apertures; Sandage & Visvanathan 1978; Persson, Frogel, & Aaronson 1979) . Seeing corrections, Galactic extinction corrections, and k{ corrections were applied to both the optical CCD and near{infrared imaging data. In the case of the photoelectric photometry, no seeing corrections were applied to either the optical or near{infrared data; the three largest apertures for which both optical and near{infrared photometry were available were averaged for the color calculation. Colors derived from this method are expected to have uncertainties of order 0.06 mag based on internal comparisons. If such matched aperture magnitudes were not available, colors were calculated at the half{light radius using the curves of growth implied by the measurements of r e and h i e . Since the half{light radii might be signi cantly di erent between the optical and near{infrared, the average color was calculated for those cases having the Ferrarese (1996) . These comparisons are all for galaxies in the Virgo cluster. All comparisons are in the sense of this work minus the literature values. The expected photometric o set is ?0:029 mag (see x3.5), while the calculated o set is ?0:057 mag. Finding chart for galaxies in Abell 655.
two radius estimates. In cases where only an optical total magnitude was available, the color was calculated using the di erence of total magnitudes. These last two methods are similar in their reliance on the estimate of the total shown by Lucey et al. 1997) , (V ?R C ) = 0:57 mag (Smith et al. 1997) , and (V ? I C ) = 1:16 mag (a typical color for elliptical galaxies in the survey of Tonry et al. 1997 ). In the cases of the surveys compiled by Faber et al. (1989) and Prugniel & Simien (1996) , the observed value for each galaxy of (B ? V ) 0 was used instead of the mean value. The color{magnitude relation in either (B?V ) or (V ?R C ) has a slope of ?0:01 to ?0:03 (Sandage & Visvanathan 1978) , while that in (V ? K) has slope ?0:08, suggesting that the systematic e ects on the (V ? K) color due to using a mean optical{optical color is small.
The photometric quantities (h i e , m tot ) were brought to a common assumption of Galactic extinction by removing the assumed A B from each literature source, and applying the values from Table 1 instead. The literature measurements of r e are una ected Galactic extinction, but the measurements of D n are. By assuming that elliptical galaxies follow similar curves of growth (see Figure 4 of Dressler et al. 1987 and Figure 6 ), the resulting correction is D n = ?0:32 h i e at constant r e . The measurements of D n , r e , and h i e of Faber et al. (1989) have been corrected for seeing e ects according to the prescription of Saglia et al. (1993b) , using programs provided by R. Saglia and assuming an average seeing of 2 arcsec. These corrections are irrelevant for the nearby galaxies, but can be signi cant for Coma, Abell 2199, Abell 2634, and other distant clusters. The literature sources used for constructing this self{ consistent catalog of global, optical photometric properties are listed in Table 5 . They are listed in order of increasing priority, such that the derived value from only the highest priority source was used for each photometric quantity. Since the random uncertainty entering the FP due to the photometric quantities is < 0:02 dex, there is no need to average multiple measurements of each quantity. There are optical r e and h i e measurements for 80% of the galaxies, D (in any bandpass) measurements for 82%, an optical{infrared color for 81%, and an accurate optical{ infrared color for 47%.
Histograms of the optical{infrared colors for these galaxies are shown in Figure 14 . The median colors are (B ? K) = 4:14 mag, (V ? K) = 3:15 mag, (R C ? K) = 2:65 mag, and (r ? K) = 2:81 mag. These colors may di er slightly from other estimates of the mean colors for early{type galaxies, as the studies in the various optical and infrared bandpasses sample somewhat di erent portions of the galaxy luminosity function; since there exists a color{magnitude relation, this will contribute to small shifts in the mean color of each subsample for an optical{ infrared color.
The diameters log D V and log D K agree very well with a median o set of 0:007 0:004 dex (rms = 0:048 dex, N = 281). This is a strong indication that the mean galaxy color of (V ? K) = 3:2 mag assumed in de ning the D K parameter is similar to the true mean galaxy colors. There is an expected correlation between the residuals log D V ?log D K and due to the change in the slope of the FP relations between the optical and near{infrared (see, for example, Guzm an et al. 1995) . There is also a clear systematic di erence between log r e ;K and log r e ;opt , in the sense that the infrared e ective radii are smaller than the optical ones. Both of these e ects will be discussed in future papers (Pahre, Djorgovski, & de Carvalho 1998; Pahre, de Carvalho, & Djorgovski 1998). 9.2. Spectroscopic Parameters Catalogs of spectroscopic quantities (redshift velocity cz, derived central velocity dispersion , and Magnesium line index Mg 2 ) for elliptical galaxies have attempted to bring heterogeneous compilations of measurements onto a common scale by deriving a scaling number for each individual data set based on measurements in common among several di erent data sets McElroy 1995; Prugniel & Simien 1996) . The problem with these derivations is that they only deal with the variations in aperture size used to measure the quantity in an indirect way through that scaling constant.
Empirical aperture e ects were explored by J rgensen et al. (1995b) using literature data on velocity dispersion and surface brightness pro les. This study found that the velocity dispersion scales with the aperture radius r as log (r)= (r 0 )] = log(r=r 0 ), where r 0 is a ducial physical radial size (say, in kpc) and = ?0:04 on average.
There is some variation of from galaxy to galaxy which is systematic, not random, in the sense that galaxies with larger have steeper pro les with = ?0:06, while those with small have shallower pro les with as low as ?0:02. This e ect would be expected of small, systematic variations of the velocity distributions within those galaxies from a homologous family. Instead of attempting to correct for this variation, we will adopt the null hypothesis that there is no such systematic bias of with , meaning that the velocity distributions of ellipticals comprise a homologous family, and therefore scale all galaxy spectroscopic measurements using = ?0:04. J rgensen et al. (1995b) and Smith et al. (1997) have both utilized this mean to correct and Mg 2 for aperture e ects, and then attempt to bring a large body of spectroscopic data onto a common system. The o sets for various systems are tabulated by Smith et al. (their Tables 6 and 7) and have been used in calculating mean and Mg 2 for the galaxies observed at K in the present survey.
Their approach of correcting all data onto an aperture of diameter 1:53h ?1 75 kpc, corresponding to a 3.4 arcsec diameter circular aperture at the distance of the Coma cluster, is adopted here. Two small modi cations were made. One, the three high{resolution LCO observing runs in Davies et al. (1987) were not subdivided, as their o sets relative to one another are small and possibly statistically insigni cant; instead, an o set of = +0:0046 dex and Mg 2 = ?0:0131 dex, the weighted mean of the three subdivided data sets, was adopted. Two, the Dressler (1984) measurements in Virgo using a 16 16 arcsec 2 e ective aperture, and similar Fornax measurements in , were incorporated into this system by assuming the \LCOHM" o set from the 1983 March run. Several additional data sets were also used and are listed in Table 6. Note that the FLEX measurements for Abell 2634 (Lucey et al. 1991a) were not used as they appear to su er from charge transfer problems (see the discussion in Lucey et al. 1997 ), but those for Abell 2199 and Abell 194 were used. The typical random error for a single measurement of is 0:04 dex (Smith et al. 1997) , so the random error for the mean value of is > 0:01 dex for even the best studied galaxies. Smith et al. note that the resid- ual systematic errors from this data set matching method are still 0:01 dex. The random uncertainty entering the near{infrared FP due to the velocity dispersion is therefore at least 0:015 dex per well{studied galaxy (due to the slope of 1:5 between log r e and log ; Pahre, Djorgovski, & de Carvalho 1995), and signi cantly more at 0:04?0:06 dex for galaxies with only one measurement. For Mg 2 the random uncertainty of each individual measurement is typically 0:013 dex. Of the 341 galaxies, only 5% have no available from the literature. Most of these were not targeted galaxies, but rather ones that happened to land within the FOV during observations of another galaxy. There are Mg 2 measurements for 69% of the galaxies.
INFRARED IMAGING OF ELLIPTICAL GALAXIES
Catalogs of Global Photometric and Spectroscopic
Parameters for Various Optical Bandpasses Catalogs comparing the global photometric parameters among various optical bandpasses have been constructed in the same manner as the optical{infrared catalog described above in x9.2 and x9.1. These catalogs use the sources of optical photometry given in Tables 9.1 and 9.2. These catalogs are provided in tabular form in Pahre (1998) but are not reprinted here.
10. DISCUSSION This paper presents a homogeneous body of near{ infrared photometry of early{type galaxies. The quality Prugniel & Simien (1996) 0 All Sky of the photometry has been shown to be comparable to, or better than, the best such near{infrared studies in the past 20 years. The size of the galaxy sample studied is comparable to the sum of all these previous studies. This study provides the rst set of global, near{infrared photometric parameters in the literature for nearby early{type galaxies. It is anticipated that these data will provide a unique perspective on early{type galaxies by studying them at a wavelength that is nearly independent of metallicity effects, dominated by the emission of the stars on the giant branch, and relatively extinction-free.
There are many possible uses for a data set of this size and homogeneity. Studies of the elliptical galaxy correlations at a variety of wavelengths could provide a breaking of the age{metallicity degeneracy (Worthey 1994 ) which has hampered investigations into the physical origins of these correlations. Other studies of the evolution of elliptical galaxies with redshift require a detailed understanding of the properties of these old stellar populations at low redshifts. The wide variety of local environments spanned by this sample will provide information suitable for comparison both to clusters and the general eld at higher redshifts.
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INFRARED IMAGING OF ELLIPTICAL GALAXIES APPENDIX TABLES OF GLOBAL PHOTOMETRIC AND SPECTROSCOPIC PARAMETERS
The global photometric parameters for the 454 individual measurements in the K{band are tabulated in Table A1 . The circular aperture photometry was used to measure half{light e ective radii r e and mean surface brightnesses h i e , total magnitude K tot , and D K . The isophotal, elliptical surface photometry was used to measure half{light semimajor axis lengths a e , mean surface brightnesses h i e , ellipticity e evaluated at the half{light semimajor axis length, total magnitude K tot , and e ective radius r e = a e p 1 ? e .
Multiple observations from the circular aperture photometry were averaged (using logarithmic quantities) to create a combined, nal K{band data set in Table A2 of the 341 galaxies studied. Also listed in that table are the optical global photometric parameters and the spectroscopic parameters drawn from the literature using the methods described in x9.
The spectroscopic quantities are corrected to a physical aperture diameter of 1.53 kpc, corresponding to an angular size of 3:4 arcsec at the distance of the Coma cluster (H 0 = 75 km s ?1 Mpc ?1 ). When a (V ?K) color is not calculated using matched aperture magnitudes it is identi ed with a colon.
Additional tables of the near{infrared K{band data with various, individual data sources are provided in Pahre (1998 Note.| Galaxy names in column (1) are given in a format suitable for searching in the NASA Extragalactic Database (NED). For example, the rst galaxy in the table can be found using the search term \Abell 0194: D80] 022". In some cases, the Abell catalog identi cation will have to be substituted for the common name of the cluster|e.g., \Abell 1656" for \Coma"|in identifying these galaxies in NED; these alternative cluster names are cross-referenced in (1997) . The PGC and S96a] references for the Hydra Cluster are cross-referenced to the list of Smyth (1980, \S"). The F89] identi cations for companion galaxies (i.e., \NCOM," \FCOM," etc.), refer directly back to that paper instead of NED. Note.| The galaxy names in column (1) are as in Table A1 .
